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Materials and Methods: This	was	an	observational	study	with	repeated	measurements	
involving	50	participants	with	chronic	stroke	[mean	(SD)	age:	59.2	(7.3)	years].	Each	
participant	 with	 stroke	 was	 evaluated	 with	 the	 Brief-	BESTest,	 Berg	 balance	 scale	
(BBS),	 Postural	 Assessment	 Scale	 for	 Stroke	 Patients	 (PASS),	 Fugl-	Meyer	 Motor	
Assessment	 (FMA),	 Chedoke-	McMaster	 Stroke	 Assessment	 (CMSA),	 Montreal	







(ICC2,1	=	0.974)	 and	 inter-	rater	 (ICC2,1	=	0.980)	 reliability	 and	 internal	 consistency	
(Cronbach’s	 alpha	=	0.818).	 The	minimal	 detectable	 change	 at	 95%	 confidence	 level	
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1  | INTRODUCTION













stroke	 (Blum	 &	 Korner-	Bitensky,	 2008;	Mao,	 Hsueh,	 Tang,	 Sheu,	 &	
Hsieh,	2002).	Postural	Assessment	Scale	for	Stroke	Patients	(PASS)	is	
a	 stroke-	specific,	multi-	item	clinical	 assessment	of	 balance	 (Benaim,	
Perennou,	Villy,	Rousseaux,	&	Pelissier,	1999).	Similarly,	its	ceiling	ef-
fect	was	apparent,	with	more	than	75%	of	 individuals	achieving	the	
highest	possible	PASS-	trunk	 control	 score	 at	90	and	180	days	 after	
stroke	(Wang,	Hsueh,	Sheu,	&	Hsieh,	2005).


































liability,	 and	 concurrent	 validity	 (i.e.,	 the	measurement	 to	be	 tested	
should	have	high	correlations	with	a	gold	standard	or	criterion	meas-
ure)	 (Portney	&	Watkins,	2009),	convergent	validity	 (i.e.,	 the	tool	to	
be	tested	should	have	high	correlation	with	measures	that	evaluate	
similar	or	related	constructs)	(Portney	&	Watkins,	2009),	discriminant	





2009)	of	 the	Brief-	BESTest	were	assessed	 in	a	group	of	 individuals	
with	stroke.	To	establish	known-	groups	validity,	a	control	group	was	
included	 to	enable	us	 to	assess	 the	difference	 in	 the	Brief-	BESTest	
scores	between	the	stroke	group	and	control	group.	All	the	raters	in-
volved	 in	 this	 study	were	 post-	graduate	 students	 in	 physiotherapy.	








during	 the	 period	 between	 September	 2015	 and	 January	 2016	 via	
convenience	 sampling.	 Inclusion	 criteria	were:	 aged	≥18-	year,	 diag-
nosis	of	stroke	for	≥6	months	and	community-	dwelling.	Exclusion	cri-























tions	 (r =	.79)	 between	 the	Mini-	BESTest	 and	 the	 BBS	 (r =	.83)	 and	
Chedoke-	McMaster	 Stroke	 Assessment	 leg	 score	 (r =	.53)	 and	 foot	




a	medium-	to-	large	 effect	 size	 (r =	.4),	 a	minimum	 sample	 size	 of	 44	
participants	with	stroke	would	be	required.
For	known-	groups	validity,	Padgett	et	al.	 (2012)	showed	that	the	















correlated	 with	 other	 established	 balance	 measures	 should	 be	 as-
sessed.	 Therefore,	 two	 other	 commonly	 used	 balance	 measures,	
namely,	the	Berg	Balance	Scale	(BBS)	and	Postural	Assessment	Scale	
for	Stroke	Patients	 (PASS)	were	also	 included.	The	BBS	contains	14	
items,	each	of	which	was	 rated	on	an	ordinal	 scale	of	0	 to	4	 (maxi-
mum	score:	56)	(Godi	et	al.,	2013;	Mao	et	al.,	2002).	The	BBS	had	good	







To	 establish	 convergent	 validity,	 the	 association	 between	 the	
Brief-	BESTest	 and	 measures	 that	 evaluate	 similar	 or	 related	 attri-
butes	 should	be	examined.	Balance	ability	 should	be	closely	 related	
to	motor	recovery.	Thus,	two	measures	of	motor	recovery,	namely,	the	
Chedoke-	McMaster	Stroke	Assessment	(CMSA-	leg	and	foot)	and	Fugl-	
























and	 relevant	demographic	data	 (e.g.,	 age,	medical	history)	were	ob-
tained	through	an	 interview	conducted	at	 the	beginning	of	 the	ses-















sion	 in	 the	 same	 university	 research	 laboratory.	 The	 Brief-	BESTest	
was	administered	only	once	by	either	rater	1	or	2.	This	was	followed	
by	the	GDS,	MoCA,	and	BBS.	The	order	of	the	tests	was	the	same	for	




All	 statistical	 analyses	were	 done	 by	 using	 SPSS	 version	 21.0	 (IBM	
Corporation,	USA).	The	significance	level	was	set	at	p ≤	.05.
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2.6.1 | Floor and ceiling effects
The	 skewness	 (γ1)	 of	 the	 Brief-	BESTest	 was	 assessed.	 A	 value	 of	
skewness	 greater	 than	 +1	 indicates	 substantial	 floor	 effect	 while	
a	 value	 smaller	 than	 −1	 indicates	 substantial	 ceiling	 effect	 (Chan	&	

















0.2:	 slight,	 <0.01:	 poor)	 (Landis	 &	 Koch,	 1977).	Minimal	 detectable	
change	at	the	95%	confidence	level	(MDC95)	was	calculated	with	the	
formula:	MDC95	 	=	1.96	×	SEM	×	√2	 (Stratford	 &	 Goldsmith,	 1997).	
Standard	 error	 of	 measurement	 (SEM)	 of	 the	 Brief-	BESTest	 total	
scores	was	calculated	with	the	formula	(Stratford	&	Goldsmith,	1997):	









was	 indicative	 of	 good	 concurrent	 validity.	 Convergent	 validity	was	
examined	by	correlating	with	measurements	that	were	supposedly	re-









scores	were	 compared	 between	 the	 stroke	 and	 control	 groups,	 and	
between	 users	 and	 non-	users	 of	 assistive	 device	 for	 their	 outdoor	
mobility	within	 the	 stroke	 group,	 using	Mann-	Whitney	U	 tests.	 The	




ity	 and	 specificity	 values	were	 generated	 by	 the	 ROC	 analysis.	 The	
AUC	values	were	interpreted	according	to	the	guidelines	described	by	
Hosmer	and	Lemeshow	(2000)	(AUC	≥0.9:	outstanding	discrimination,	









stroke	 group	 required	 an	 assistive	 device	 (e.g.,	 cane,	 etc.)	 for	 their	
outdoor	mobility	(Table	1).	None	of	the	individuals	used	any	assistive	
device	during	balance	testing.









The	 Brief-	BESTest	 had	 good	 internal	 consistency	 (Cronbach’s	
alpha	=	0.818],	 intra-	rater	 reliability	 (ICC2,1	=		 0.972,	 SEM	=	0.823,	
p <	.001)	 and	 inter-	rater	 reliability	 (ICC2,1	=	0.974,	 SEM	=		 0.772,	
p <	.001)	(Table	2).	No	significant	difference	was	found	between	the	
scores	 generated	 from	 the	 two	 Brief-	BESTest	 trials	 conducted	 by	
rater	1	[mean	(SD)	trial	1:	13.8	(4.7),	trial	2:	14.5	(5.1),	p =	.096],	indi-
cating	no	significant	learning	effect.	The	MDC95	value	was	2.	All	items	
showed	 moderate	 to	 excellent	 intra-	rater	 and	 inter-	rater	 reliability	
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showing	good	concurrent	validity.	It	also	yielded	moderate	to	strong	
correlations	 with	 CMSA-	leg	 (rs	=	.586,	 p <	.001)	 and	 CMSA-	foot	
(rs	=	.547	 p <	.001),	 and	 FMA-	LE	 (rs	=	.664,	 p <	.001),	 thus	 showing	
good	convergent	validity.	 Its	correlation	with	MoCA	was	significant	
but	 weaker	 than	 the	 above	measures	 (rs	=	.437,	 p =	.002),	 whereas	
its	 correlation	with	GDS	was	 not	 statistically	 significant	 (rs	=	−.152,	
p =	.292),	which	was	 indicative	 of	 good	 discriminant	 validity	 of	 the	
Brief-	BESTest.	There	were	significant	differences	in	the	Brief-	BESTest	
total	scores	and	all	individual	item	scores	between	the	stroke	and	con-
trol	 groups	 (p <	.001)	 (Table	3).	The	mean	Brief-	BESTest	 total	 score	
among	users	of	assistive	device	 for	 their	outdoor	mobility	was	also	
significantly	 different	 from	 that	 among	 non-	users	within	 the	 stroke	
Stroke (n = 50) Control (n = 27) p
Demographics
Age,	year 59.2	(7.3) 56.7	(7.7) .164
Gender	(male/female),	n 32/18 11/16 .005*
Body	mass	index,	kg/m2 24.4	(4.1) 25.9	(3.5) .102
Geriatric	Depression	Scale	(0–30) 3.5	(2–7) 3	(2–5) .099
MoCA	(0–30) 25	(21–28.25) 26	(24–27) .972
No.	of	comorbidities	per	person,	n 1	(0–2) 0	(0–1) <.001*














Brief-	BESTest	(0–24) 12.1	(5.2) 20.7	(1.7) <.001*
Berg	Balance	Scale	(0–56) 51	(48–55) 55	(55–56) <.001*
PASS	(0–36) 32.5	(30.8–34.0) —
The	demographic	and	clinical	characteristics	of	the	stroke	and	control	participants	are	shown.
aCMSA	=	Chedoke-	McMaster	 Stroke	 Assessment,	 FMA-	LE:	 Fugl-	Meyer	 Motor	 Assessment-	 Lower	
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.1 | Floor and ceiling effects
The	Brief-	BESTest	had	no	 substantial	 ceiling	or	floor	effect.	As	our	




our	 participants	 with	 stroke	 (Table	1).	 In	 contrast,	 the	 items	 in	 the	
Brief-	BESTest	were	 generally	more	difficult	 for	 our	 participants.	As	
shown	in	the	item	analysis,	less	than	half	of	our	participants	were	able	
to	achieve	 the	 full	 item	scores,	with	 the	exception	of	 item	7	 (stand	









The	 Brief-	BESTest	 had	 good	 internal	 consistency,	 indicating	 that	
the	 items	 were	 measuring	 the	 same	 underlying	 construct	 of	 bal-
ance.	 It	 also	 had	 good	 intra-	rater	 (ICC2,1	=	0.974)	 and	 inter-	rater	
(ICC2,1	=	0.972)	 reliability.	Our	findings	were	 thus	 in	 line	with	 those	
in	 individuals	with	 total	knee	 replacement	 (Cronbach’s	alpha	=	0.97,	
inter-	rater	 ICC2,1	=	0.97	and	 intra-	rater	 ICC2,1	=	0.94)	 (Chan	&	Pang,	
2015)	 and	 individuals	with	or	without	 neurological	 problems	 (inter-	
rater	ICC2,1	=		0.94)	(Padgett	et	al.,	2012).
In	 our	 analysis	 of	 individual	 items,	 item	 1	 “hip/trunk	 lateral	
strength”	 in	 the	Brief-	BESTest	showed	fair	 inter-	rater	 reliability	only	
(Kappa	=	0.304).	The	rating	was	partially	based	on	the	amount	of	force	
exerted	 by	 the	 rater’s	 hands	 that	 provided	 support	 to	 the	 patients	












The	Brief-	BESTest	 had	 good	 concurrent	 validity,	 as	 revealed	 by	 its	
strong	correlation	with	BBS	and	PASS.	The	results	thus	largely	con-
curred	with	previous	findings	in	older	adults	(O’Hoski,	Sibley,	Brooks,	










was	 a	 moderate	 correlation	 between	 the	 Brief-	BESTest	 and	 mea-
sures	that	assess	constructs	that	were	 linked	to	balance	such	as	the	
TABLE  4 Receiver-	operating	characteristics	(ROC)	analysis:	known-	groups	validity	of	Brief-	BESTesta
AUC (95% CI) Cutoff score Sensitivity (95% CI) Specificity (95% CI)
Discriminating	individuals	with	stroke	from	controls 0.942	(0.888–0.996) <18 0.880	(0.757–0.955) 0.926	(0.756–0.991)
Discriminating	users	of	assistive	device	from	non-	users	
within	the	stroke	group
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Functional	Gait	Assessment	(rs	=	.59–.72)	(Chan	&	Pang,	2015).	In	the	
study	by	O’Hoski	et	al.	(Portney	&	Watkins,	2009)	involving	a	sample	
of	 79	 older	 adults	 (mean	 age:	 68.7	years;	 age	 range:	 50–87	years),	
the	Brief-	BESTest	was	also	moderately	correlated	with	the	Activities-	
Specific	Balance	Confidence	scale	(r =	.66)	(O’Hoski	et	al.,	2015).











one	 year	 after	 stroke	 had	 significantly	 poorer	 balance	 performance	
than	patients	without	cognitive	 impairments.	 In	addition,	only	those	
individuals	with	intact	cognitive	function	on	admission	and	at	the	1-	
year	 follow-	up	attained	significant	 improvement	 in	balance	 function	
after	discharge.	Their	results	thus	highlighted	the	link	between	cogni-
tion	and	balance	ability	in	individuals	with	stroke.












































compared	with	 the	 commonly	 used	BBS.	Another	 advantage	 is	 that	
it	 could	assess	all	 six	balance	 subsystems,	making	 it	more	useful	 for	
directing	 treatment	 than	BBS	or	 the	Mini-	BESTest.	 From	a	practical	













useful	 tool	 in	assessing	 the	balance	performance	 in	 individuals	with	
chronic	stroke	in	both	clinical	and	research	practice.








patients:	 The	 Postural	 Assessment	 Scale	 for	 Stroke	 Patients	 (PASS).	
Stroke,	30,	1862–1868.
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